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DEVICE AND METHOD FOR LARGE AREA LITHOGRAPHY 



Fifilri of th e invention 
5 The invention relates to a device in connection with the lithography of 

structures on a micro or nanometre scale. In particular, the invention relates to 
imprint lithography on large area substrates or objects. 

Bac kground 

The trend in microelectronics, as well as in micromechanics, is towards ever 
smaller dimensions. Some of the most interesting techniques for fabricate of 
micro and submicro structures include different types of lithography. 

Photolithography typically involves the steps of coating a substrate wrth a 
photoresist material to form a resist layer on a surface of the substrate. The rests, 
15 layer is then exposed to radiation at selective portions, preferably by usmg a mask. 
Subsequent developing steps remove portions of the resist, thereby formmg a 
pattern in the resist corresponding to the mask. The removal of resist portions 
exposes the substrate surface, which may be processed by e.g. etchmg, dopmg, or 
m e,a,lisa,ion. For fine scale replication, photolithography is limited by diffraction, 
20 wmchisdependentonthewavelengmofmemdiationnsed.Forfabncattonof 

structures on a scale of less than 50 nm, such a short wavelength ts needed that the 
material requirements on the optical systems will be major. 

An alternative technique is imprint technology. In an imprint litihography 
pmcess. a substrate to be patterned is covered by a mouldable layer. A pattern to be 
25 transferred to the substrate is predefined in three dimensions on a stamp or template. 
The stamp is brought into contact with the mouldable layer, and the layer is 
softened, preferably by heating. The stamp is men pressed into the softened ayer, 
thereby making an imprint of tire stamp pattern in the mouldable layer. The layer rs 
cooled down until it hardens to a satisfactory degree followed by detachment and 
30 removal of the stamp. Subsequent etching may be employed to replicate the stamp 
pattern in the substrate. The steps of heating and cooling the combined stamp and 
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substrate can bring about movement in the engaging surfaces due to heat expansion. 
Tie larger the area to be imprinted, the larger the actual expansion and contract™, 
which can make the imprint process more difficult for larger surface areas. 

A different form of imprint technology, generally known as step and flash 
5 imprint lithography has been proposed by Willson et a!, in US patent 6,334,960, and 
also by Mancini et al in US patent 6,387,787. Similar to the imprint techmque 
briefly described above, this technique involves a template having a structured 
surface deflning a pattern to be transferred to a substrate. The substrate is covered 
by a layer of polymerisab.e fluid, into which layer the template is pressed such that 
10 the fluid fills recesses in the pattern structure. The template is made from a matenal 
which is transparent to a radiation wavelength range which is usable for 
polymerising the polymerisable fluid, typically UV light By applying radiabon to 
the fluid through the template, the fluid is solidified. The template is subsequently 
removed, after which the pattern thereof is replicated in the solid polymer matenal 
IS layer made from the polymerised fluid. Further processing transfers the structure m 
the solid polymer material layer to the substrate. 

WO 02/067055 to Board of Regents, the University of Texas System, 
discloses a system for applying step and flash imprint lithography. Among other 
things, this document relates to production-scale implementation of a step and flash 
20 apparatus, also called a steppe, The template used in such an apparatus has 
body of transparent materia., typicafly quartz. The template is supported m the 
stepper by flexure members, which allow the template to pivot about both X and Y 
axes, which are mutually perpendicuVar in a plane parallel to the substrate surface to 
be imprinted. This mechanism also involves a piezo actuator for controlhng 
25 parallelism and the gap between the template and the substrate. Such a system ,s, 
however, not capable of handling large area substrate surfaces in a single tmprm 
step. A step and flash system offered on me market is the IMPRIO 100, provided by 
Molecular Imprints, Inc, 1807-C West Braker Lane, Austin, TX 78758, U.S.A. This 
system has a template image area of 25x25 mm, and a street width of 0.1 mm. 
30 Although this system is capable of handling substrate wafers of up to 8 mches, the 
iruprint process has to be repeated by lifting the template, moving i, sideways, and 
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towering it to the substrate again, by means of an X-Y translation stage. 
Furthermore, for each such step, renewed alignment as we,, as new deposrtron of 
polymerisable fluid has to be performed This technique is therefore very time- 
lining, and less than optimum for large scale production. Furthermore, besrdes 

problems of repeated aligmnen. errors, and high accuracy demands on the 

translation stage, this technique suffers from 

structures which are larger than said template size cannot be produced. All aU 
this means the productions costs may be too high to make this technique mteresting 
for large scale production of fine structure devices. 



10 



^nmmarv of the invention 

Accordingly, an object of the present invention is to prov.de method and 
m eans for improving fabrication of structures comprising three-dirnensronal 
features on a micro or nanometre scale. In particular, i, is an object to provrde 
15 in.provedmethoclsandmeansfortiansferringapatiernofsuchsn.cnnesto 

substrates having widths of more than one inch, and even for S mch drameters, 12 
diameters inch, and larger. 

According to a firs, aspect, this object is fulfilled by an apparatus for 
transferring a pattern from a template having a structured surface to a substrate 
20 carrying a surface .ayer of a radiation po.ymerisab.e fluid, said apparatus 

comprising a fir,, main part and a second main par, having opposing surfaces, 
means for adjusting a spacing between said main parts, support means for 
supporting said template and substrate in mutual parallel engagement m sard 
spacing with said structured surface facing said surface layer, a radiation source 
25 Lisedtoemitradiationin.osaidspacing.acavityhavingafirstwallcompnsrnga 

flexible membrane devised to engage said template or substrate, and means for 
applying an adjustable overpressure .o a medium present in said cavtiy. Due to 
flexible membrane, an absolutely even distribution offeree is obtained over tire 
„ho,e of tire contact surface between the substrate and tire template, whereby 
30 patterning of large area subsfrates in a single imprint step is made poss.ble. 
Preferably, said medium comprises a gas or a hquid. 
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In one embodiment, said medium comprises air. 

In one embodiment, said means for applying an adjustable overpressure is 
arranged to adjust the pressure to 1 -500 bar. 

Preferably, said cavity is defined by a part of the surface of said first mam 
5 part, a flexible seal member arranged in and protruding from said first mam part 
surface, and said membrane which engages said seal member. 

In a preferred embodiment, said membrane is disconnectable from said seal 
m ember, and devised to engage said seal member by application of pressure from 

said second main part. 
! o Preferably, said membrane is transparent to a wavelength range of sard 

radiation, said radiation source being positioned behind said membrane. 

to one embodiment, said membrane and at least a portion of said snrface of 
said first main part is transparent to a wave.ength range of said radiation, sard 
radiation source being positioned behind said portion of said surface of sard firs, 

15 mam pa* embodiment _ saidportio n of said surface of said firs, main par, 

is made from quartz, calcium fluoride or any other pressure stable material betng 
transparent to said radiation. 

Preferably, said radiation source is devised to emit radiation a, least m a 
20 wavelength range of 100-500 nm. 

In a preferred embodiment, said radiation source is air-cooled and devrsed to 
emit pulsating radiation with a pulse duration of 0.5-10 ps and a pulse rate of 1-10 
pulses per second. 

In one embodiment, said membrane consists of a polymer material. . 
25 In a preferred embodiment, said membrane has a diameter or wrath of 50- 

1000 mm. 

In one embodiment, said substrate acts as said membrane. 
According to a second aspect, the object of the present invention is fulfilled 
by a method for transferring a pattern from a template having a structured surface to 
30 a substrate carrying a surface layer of a radiation po,ymerisab.e fluid, comprismg 
the steps of: 
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facing said surface layer, between a stop member and a firs, side of a flexible 

- overpressure to a medium present on a second side of the membrane, 
5 opposite to said first side, for imprinting said pattern into said layer; and 
- exposing said layer to radiation for solidifying sard layer. 
Preferably, said medium comprises a gas or a liquid, 
m one embodiment, said medium comprises air. 
Preferably, the method comprises the step of: 
,0 - placing said membrane in direct engagement with said template or said substrate. 
In a preferred embodiment, the method comprises the step of: 
. clampingsaidmembraneataperipheralportionthereofbetweensaidstop 
m emb,randase al member,fherebydefiningaperi P hera,wa„foracav,^forsa,d 

medium. 

15 Preferably, the method comprises the step of: 

. emitting radiation to said layer through said template or/and through sa,d 
substrate, which template or/and substrate is/are transparent to a wavelengm range 
of a radiation usable for polymerising said fluid. 

In a preferred embodiment, the method comprises. the step of: 
2 0 - emitting radiation to said layer through said membrane, which membrane ts 

transparent to a wavelength range of a radiation usab.e for polymery sa,d thud. 

Preferably, the method comprises the step of: 
. emitting radiation to said layer through said membrane, and through a transparent 
w an opposing said membrane, defining a back wall for a cavity for said medmm 

usable for polymerising said fluid. 

in one embodiment, the step of exposing said Uayer compnses the step of 
-emitting radiation from a radiation source within a wavelengm range of 100-500 

In a preferred embodiment, the method comprises the steps of: 
air-cooling said radiation source, and emitting pu.sating radiation with a pulse 



nm. 

30 
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duration in tine range of 0.5-10 us and a pulse rate in the range of 1-10 pulses per 
second. 

In one embodiment, the method comprises the step of: 

- using said substrate as said membrane. 

; In another embodiment, the method comprises the step of: 

- clamping said substrate and template together prior to arranging said template and 
substrate between said stop member and said flexible membrane. 

In yet another embodiment, the method comprises the step of: 

- applying a vacuum between said template and said substrate in order to extract an 
0 inclusions from said surface layer prior to exposing said layer to radmhon. 



ttrief descrip tif ™ " f the drawings 

The invention will he described in greater detail below with reference to the 

accompanying drawings, on which: 
15 Figs 1-3 schematically illustrate the mata process steps for transferrmg a 

pattern from a template to a substrate, wherein radiation is applied through a 
transparenttemplatetosoUdifyapoiymerisablefluidonthesubstratesurface, 

Figs 4-6 schematically illustrate corresponding process steps for transferrmg 
a pattern from a template to a substrate, wherein radiation is applied through a 
20 transparent substrate to sotidify a polymerisable fluid on the substrate surface; 

Fig 7 schematically illustrates an embodiment of an apparatus accordmg to 
the invention, for performing the process as generally described in Figs 1-3 or 4-6; 

Fig. 8 schematically illustrates the apparatus of Fig. 7, when loaded wrth a 
template and a substrate at an initial step of the process; 
25 Fig. 9 illustrates the apparatus of Figs 7 and 8, at an active process step of 

transferring a pattern from the template ro the substrate; and 

Fig 10 illustrates an alternative embodiment, at an active process step of 
transferring a pattern from the template to the substrate corresponding to Fig. 9. 
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rwail-H Hmm ption of r -fe"*d embodiments 

The present invention relates, in general, to a method of transferring a pattern 
from a template to a substrate, by creating a relief image of a structure on a surface 
5 of the template on a surface of the substrate. The surface of the template and the 
surface of the substrate are in this process arranged generally parallel to each other, 
and the ttansfer of the pattern is obtained by pressing the structured template surface 
into a formable layer disposed on the substrate surface. The formable layer ,s 
treated to solidify, such that its shape is forced to resemble the template surface. 
,0 The template can thereafter be removed from tire substrate and its layer, said layer 
now being an inverted topographical replica of the template. In order to permanent 
the transferred pattern in the substrate, further processing may be requtred. 
Typically, we. or dry etching is performed to selectively etch the surface of the 
substrate under the solidified layer, whereby the pattern in the solidified layer ,s 
15 transferred to the substrate surface. This much is state of the art, and is well 
described in prior art documents, such as the aforementioned US Patent No. 
6,334,960. 

Figs 1-3 schematically present the basic process steps of the actual pattern 
transfer steps, or imprint steps, of an embodiment of the invention. 
- 20 InFig. 1 a template 10 is illustrated, the template having a structured surface 

1 1 in which teee-dimensional protrusions and recesses are formed with a feature 
siM in height and width within a range of 1 nm to several pm, and potentially both 
smaller and larger. The thickness of template 10 is typically between 10 and 1000 
pm A substrate 12 has a surface 17 which is arranged substantially parallel to 
25 template surface 1 1 , with an intermediate spacing between the surfaces at the nutial 
stage shown in Fig. 1. The substrate 12 comprises a substrate base 13, to winch the 
pattern of template surface 1 1 is to be transferred. Though not shown, the substrate 
m ay also include a support layer below the substrate base 13. In a process where the 
pattern of template 10 is to be transferred to substrate 12 directly through an imprmt 
30 in a polymerisable fluid, said fluid may be applied as a surface layer 14 dtrectly 
onto the substrate base surface 17. In alternative embodiments, ind.cated by the 
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dashed line, atransfer layer 15 is also employed, of e.g. apolymer. Examp.es of 
pad rn to the subsdatebase 13, are also described inUS 6,334,960. In an 
5 ou tersurfaceofthetransfer layer 15, which in turn is arranged on the subsdate base 

compriseNIP-KlT andNlP-^ from ZEN Photonics, 104-11 Moonj i-Dong, 
Yl g -Gu,Dae j eon305-308,Sou*Korea.NIP-K17hasa ro ainco m ponentof 
10 IX andhasaviscosi t ya t 25^ofabou t 9.63cps.>nP-K2 2 a 1S ohasa m a,n 

Jevised to cure under exposure touhraviolet radiation above 12 mW,cm for2 

Mother — --^-^•*-*" d, T^ 
211 D-,2555 Berlin, Gennany. This substance has a con.pos.Pon of .norgan 
or^cnybridpolymer.u— ^ 

vLsity^-S .Pas at 25*C, and the fluid may be cured under exposu, of 

radiation with 500 m W at a wavelength of 365 nm. Other examples of 

20 polymerisable materials are mentioned in US 6,334,960. 

The,hic ta essof,aye r ,4whendeposi.edond,esubs.atesu rf aee.sW,ca,,y 

10 nm-10 urn, depending on application area The polymerisab.e flu.d may be 

IthepreLt invent, compared to the prior art step andflash .method, .sftat 
25 the P olymerf,nid m aybespincoatedontheen t iresubs tt ate,wh.ch,san 

* repeated dispensation by dripping on repeated surface pordons, smce tha, 
method is incapable of handling large surfaces in smgle steps. 

ThearrowsofFig. 1 illustrate fta. the template surface 11 ,s pressed tnto 
30 surface 16 of the polymerisable fluid layer 14. 
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Fig 2 DWM how the structures* temple surface 11 has made an 
K i.esu rf aeel.do„o,pe»e Wt ean ft ewa y do W „«osubst ratt s^..Th, 

Mfa ,ayer surfaced m the embodiment Ulustrated in Figs 1-3, the template 

10 wavelengthotwaveleng.hmnge.whiehisusablefotsoliditymgase.eeted 
pol^leumd.Suehmatetla^aye.g.be^o.vanou.fonnsf 

between template 10 and substrate 12. When exposed to thts radiation 19, *e 
various different ways of furthet processus oun 

Lbfortherproeessing.norisitdependentonhowsuehfurtberproeess.ng-s 

onlv real difference from the embodiment of Ftgsl 3 vs max 

the same reference marks have been used. No further explanation of the ^ ^ 
1« will therefore be made. However, it should be noted ma, a combmatton o 
Flgs 4 ™ tough both template 

these two embodiments is possible, i.e. by applying 

30 10 and substrate 12. 
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Fig 7 schematically illustrates a preferred embodiment of an apparatus 
according to tie present invention, also usable for carrying out an embodunent of 
fce method according to the present invention. It sbouldbe noted thatthrs — 
is purely schematic, for the purpose of clarifying the different feaurres thereof. 
5 particular, dimensions of the different features are not on a common scale. 

The apparatus ,00 comprises a first main part 101 and a second mam part 
,02 In the illustrated preferred embodiment these main parts are arranged wrth the 
first main par. 101 on top of second main part, with an adjustable spacing 03 
b etween said main parts. When making a surface imprint byaprocess as rUustrated 
10 in Figs 1-6, it may be of great importance that the template and the substrate are 
properly aligned in the lateral direction, typically called the X-Y plane. Thrs rs 
particularly important if the imprint is to be made on top of or adjacent to a 
previously existing pattern in the substrate. However, the specific problems of 
alignment, and different ways of overcoming mem, are not addressed hcrem, bu, 
,5 mayofcotusebecombinedwiththepresentinventionwhenneeded. 

The first, upper, main part 10, has a downwards facing surface 104, and the 

surface 105 is, or has a portion mat is, substantially flat, and which —es an 
upper surface of a plate 106 which acts as a support structure for 
,0 sLate,obeusedinanimprintprocess,aswillbemorethoroughlydesc„bedm 

conjunction wi* Figs 8 and 9. Means for adjusting spacing 103 are, m the 
Jstrated embodiment, provided hy a piston member ,07 attached at its outer .nd 
t0 plate 106. Piston member 107 is displaceably linked to a cylinder member 08, 
which preferably is held in fixed relation to first main part 101. As is indicated by 
25 the arrow in the drawing, the means for adjusting spacing 103 are devised to 
displace second main part 102 closer to or farther from first main part ,01, by 
mlofamovement substantially perpendicular to tire substantially fiat surface 
,05 ie intheZdirection.Displacementmaybeachievedmanua..y,butrs 
preferably assisted by employing either a hydraulic or pneumatic arrangement. The 
30 ifiustrated embodiment may be varied in a number of ways in this respect, for 
instance by instead attaching plate ,06 to a cylinder member about a fixed piston 
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member. It should firrther be noted that the displacement of second main part 102 ts 

substrate, and for arranging the apparatus in an initial operation posmon. The 
movement of second main part 102 is, however, preferably not included m the 
5 actual imprint process as such in the illustrated embodiment, as will be , d-cntad. 

FiLmainpar.lOlcomprisesaperipheralsealmemberlOS.whrchencrrcles 

surface 104. Preferably, seal member 108 is an endless seal such as an o-nng but 
m ay alternatively be composed of several interconnected seal members winch 
together form a continuous seal 108. Seal member 108 is disposed m a recess 109 
10 „utward,yofsurfacel04,arrdispreferablydctachab,efromsaidrecess.The 

Iposed inure first main par, 101 behind surface 104. Radiation source 1,0 - 
eonnectabletoaradiation source dxiverlll, which preferably compo ses or * 
connected to a power source (not shown). Radiation source driver 1 1 1 may be 

portion l,2ofsurface ,04, disposed adiacent to radiation source 

Leria, which is transparent to radiationofacertain wavelength or wavelet 

range of radiation source 110. This way, radiation emitted from radration source 
UO is transmitted towards spacing 103 between first main part 101 and second 

window, may be formed in avaUaWe firsed sifica, quartz, or g,ass used for CD/DVD 

""operation, apparatus 100 is further provided with a flexible membrane 
, ,3, which is subs— flat and engages sea, member ,08. In a preferred 
25 embodiment, sea, member „ 3 is a separate member from sea, member , 08, and 
only engaged with seal member ,08 by applying a counter pressure from surface 
,05 of plate 106, as will be explained. However, in an alternative embodunen, 
membrane „3 is attached to sea, member 108, e.g. by means of a cement, or by 
b eing an integral par, of sea. member 108. Furthermore, in such an alternative 
30 embodimenr.membraneinmaybefirmlyatiachedtomainpartlOl whereasseal 

,08 is disposed outwardly of membrane , 13. For an embodimen, such as the one 
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way nation e mi «ed fr o m radiation so^ceUOis—ed .to spacngO 
« s ,dcavit yll5 aod tab ou„da ry wans 1 04a„di 1 3.Bxa : pe S ofu S ao 1 e 

polycarbonate, po.ypropylene, polyethylene. The thickness of membrane 113 may 

pass toaspace defined by surface 104, sea, member 108 and membrane ^ 3 whtch 

pLure source 116, such as a pump, which may be an externa, or a bud, m par, 

pLular an overpressure, to a fiuid medium contained insa,dcav,ty 115. An 
lodiment such as the one ifiustrated is suitable for use withagaseous pressure 
15 medium.Prefembly,saidmediumi S selectedfiom.hegroupcontannnga, 

nitrogen, and argon. ,f instead a ,ic,«id medium is used, 

Hg 8 Ulustrates the apparatus embodunen, of Fig. 7, whenbemg 10 

disp ,aeed downwards from first main part 1 0,, for opemng up spacmg ,03. As 
^ationofacer.ainwaveiengmorwavCengthrangeofrad.attonsoureenO^The 

25 tempiate ,0 on top of a substrate 12. Subshate 12 is p,aced w.th a backs.de heteo 
or adjacent to substrate 12, with its structured surface ,1 facmg substrate 12. M*. 
embodiment where membrane „3 is attached to the first mam part, the step 
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L£lO.~»»*»"*»"» U3 " ShOWD COmP ' e,ely T L 

5 105 ' FigJiUustra.esanope.ativ^positionofappaxa.uslOO.Secondmatopart 
^ha.been.aisedtoapositionwh^^b^nSiac.a.pedb^en^ 
mem ber 10. and surface ,05 of second main pan 102. In real*,, ** *** - » 

bending of membrane 113 as illns.ra.ed is minimal Still, surface 105 may 

io ^i-a^^.^^^-*' 0 "^'^ 

LmemberlOSunonghmembranein.forcompensaungforn.ecombmed 

thickness of template 10 and substrate 12. 

Oncemainparts 101 and ,02 are engaged to clamp membrane ,13, av«y 
U5is sealed. Pressure source 1,6 is dren devised to appiy an overpressure to a fiurd 
•„ 11 < The oressure in cavity 1 15 is transferred by membrane 1 13 

ofanyirregulariuesinthesnrfaceofthesubsnateortempiatebemgehrnmated. 

throu gh cavity „5,membrane „3, and,emp,a,e ,0. The radiation rs parfly or 
comply absorbed m me iayer ,4 of po.ymerisabie fluid, which ^ereby * 

,2 provided by the pressure and membrane assisted compress.on. Radiation 
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ensure tunc is dependent on the type and amount of 

5 ^edperson.Once^enuidhassoUdmedtofonna.ayerKNfurtherexposure 

baking at an enhanced temperature of 150-1 60»C may be necessuated forage 
^ofO,-lhou r . F oHo W in g an exposure ^.co^^^ 

10 ^lincavityllSis reduced and tbe two main parts 101 and 10, are .epa^d 
Zoncanotber.Subsb.tenandtemp.atelOared.ereafterseparatednomon 

is previously known for imprint lithography. 

Fig 10 iilustrates an alternative embodiment of the mvenuon, ,n an operanve 
,5 position simiiar to that of Fig. 9. Like elements have like references. In Ons 

;:Zveembodimen,,radia,ion S ource „0 is instead disposed in second mam 

InlnofitsuppersnrfacelOSinamateria. which is transparent to raanon of 
a certain wavelength or wavelength range of radiation source 110 e g. quart,, 
betweenfi.tmainpart.O.andsecondmainpartlO.Vetano.her— ve 
embodiment (no. shown) is a combination of the two afcremenboned, wrth 
nation sources inciuded in bo* the first main part 101 and m the secondment 
plo 2 . in an embodiment such as shown ta Fig. 10, membrane 1 13 need not b 

yuiarembodimentmayemployamembrane.nmadefromathmsheetof 
.netal.suchasaiuminium.e.g.withanticknessoflO-SOOpm. 

ta a special embodiment of Ore invention, the upper member of template 

30 membrane 1 1 3 is dispensed with. Instead, .he uppermost member 1 0 or K 
"old in a size that extends outwardiy of sea. member 10S. Furthermore, sa.d 
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uppermost member 10 or 12 must also be flexible to sustain and transfer the 
pressure from cavity 115. Such an embodiment can typical* be used when the 
substrate isathin and flexible polymer fllm. The polymer substrate 12 is then 
placed on top of stamp 10 on surface 105. 
5 Oneembodimen,ofmes y s.emaccordmg,o.hemven.ionfurmercompnses 

This is particularly preferred in an embodiment with an external alignment ^ 

for aligning substrate and template prior to pattern hansfer, where the ahgned stack 

compLg the template and the substrate has to be transferred into themtpnn 
10 apparatu^.ThesystemmayalsoconminmeansforapplyingavacuumbeWen 

talked sandwichpriorto hardening of the po.ymerisable flmd through UV 

^ preferred embodiment, the template surface 1 1 is preferably treated with 
15 ananti-adhesioniayertopreventflrecuredpolymerlayerU-fromstickingto.t 
a ft er,heim P rin,proces,Anexamp.eofsuc h ananti-adhesionlaycrcompr,ses 

the inventors of the instant invention. The contents of WO 03/005124 are also 

hereby incorporated by reference. 
20 Afirstmodeofurcinvention.withatransparen.template.wmchhasbeen 

successful testedby the inventors, involves a substrate 12 of sihcon covered by a 
,ayer ,4 of NIP-K17 with a thickness of 1 pm. A template of g!ass or fused 
silica/quartz, with a thickness of 600 pm, has been used. 

A second mode of the invention, wim a transparent substrate, whrch as been 
25 successfu 11 y«e,edbytheinventors,invo,vesasub S trate,2ofg 1 assorfus^d 

of e.g nickel or silicon has been used, with a thickness of about 600 pm, though 
any other suitable non-transparent material can be used. 

After compression by means of membrane 113 wim a pressure of 5-100 bar 
30 for about 30 seconds, radiation source 1 10 is turned on. Radiation source 110 ,s 
typically devised to emit a. leas, in the ultraviolet region below 400 nm. In a 
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preferred embodiment, an air-cooled xenon lamp with an emission spectrum 
ranging from 200-1000 nm is employed as the radiation source 1 10. The preferred 
xenon type radiation source 110 provides a radiation of 1-10 W/cm 2 , and is devised 
to flash 1-5 us pulses, with a pulse rate of 1-5 pulses per second. A window 1 12 of 
5 quartz is formed in surface 104 for passing through radiation. Exposure time is 
preferably between 1-30 seconds, for polymerising fluid layer 14 into a solid layer 
14' After successful exposure, second main part 102 is lowered to a position 
similar to that of Fig. 8, following which template 10 and substrate 12 are removed 
from the apparatus for separation and further processing of the substrate. 
10 The disclosed apparatus and method is particularly advantageous for large 

area imprint in a single step, and has as such huge benefits over the previously 
known step and flash method. Thanks to the membrane-transferred fluid pressure, 
the present invention can be used for one step imprint of substrates of 8 inch, 12 
inch, and even larger discs. Even full flat panel displays with sizes of about 
15 400x600 mm and larger can be patterned with a single imprint and exposure step 
with the present invention. The present invention therefore provides a technique 
which may for the first time make radiation-assisted polymerisation imprint 
attractive to large scale production. The invention is usable for forming patterns in a 
substrate for production of e.g. printed wire boards or circuit boards, electronic 
20 circuits, miniaturised mechanical or electromechanical structures, magnetic and 
optical storage media etc. 

The invention is defined by the appended claims. 



